ABSTRACT. The aim of this study was to evaluate the effectiveness of umbilical cord mesenchymal stem cells (MSCs) in the treatment of chronic systolic heart failure. Fifty-nine hospitalized patients with heart failure were randomly divided into a treatment group (30 patients) and a control group (29 patients). The treatment group received treatment with medication as well as intracoronary transplantation of umbilical cord MSCs, and the control group, only medication. The cardiac structure, function change, and rehospitalization and mortality rates of the 2 groups were observed before and 1 and 6 months after treatment. One month after the transplantation of umbilical cord MSCs, the incidence of fatigue, chest tightness, and dyspnea was high in the treatment group. The 6-min walking distance of the treatment group was found to be significantly higher than that of the control group (P < 0.05); in addition, the NT-proBNP level, left ventricular ejection fraction, and mortality rate of the treatment group were statistically lower than those of the control group (P < 0.05). Readmission rates showed a downward trend, but the difference was not statistically significant (P > 0.05). Using umbilical cord MSCs in the treatment of congestive heart failure 3011 Treatment of severe systolic heart failure ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 14 (2): 3010-3017 (2015) can help improve cardiac remodeling and cardiac function and reduce the mortality rate.
INTRODUCTION
Heart failure is a chronic disease and the end stage of various heart diseases. It is a progressive syndrome that results in a poor quality of life for the patient and places an economic burden on the health care system. Once heart failure occurs, it continues to develop even in the absence of new pathogenic factors and causes serious harm to the patient (Ambrosy et al., 2014) . The hospitalization and mortality rates related to heart failure are high (Sbruzzi et al., 2010) . Over the last decade, the annual number of heart failure hospitalizations has almost doubled, with approximately 50% of the patients rehospitalized within 6 months of discharge (Giamouzis et al., 2011) . In China, the incidence of heart failure is found to increase every year. Heart failure is also considered as the final battle against heart disease.
Heart failure is currently very difficult to treat. Treatment with drugs can, to a certain extent, slow or stop the progression of heart failure and save dying cardiomyocytes, but no beneficial effect of treatment is seen on myocardial necrosis. Another effective method for treating heart failure is cardiac transplantation (Feldman et al., 2013) , but because of the low availability of donor hearts, high cost of surgery, and a high likelihood of immune rejection, it is difficult to perform heart transplantations (Chih et al., 2013) .
The main pathological characteristic of heart failure is the loss of function of the myocardium, so stem cell regeneration in myocardial tissue may be a new method of improving the prognosis of patients. Stem cell transplantation is a new method for the biological treatment of heart failure (Perin et al., 2012a) . Stem cells can promote proliferation, differentiate in the myocardium, replace the necrotic myocardial cells that have lost function, strengthen and improve heart function, and promote ventricular remodeling (Perin et al., 2012b) , thus preventing the progression of heart failure.
Umbilical cord mesenchymal stem cells (MSCs) are widely available, promote proliferation and differentiation, have low immunogenicity, and can be collected in a noninvasive manner; therapy involving MSCs is attracting increasing attention. Animal experiments involving treatment with umbilical cord MSCs have confirmed that the cells can be converted into myocardial cells (Chugh et al., 2012) and endothelial progenitor cells (Hou and Li, 2007) . However, only a few cases of the clinical application in the treatment of decompensated congestive heart failure have been reported. The use of bone marrow MSCs in the treatment of congestive heart failure had obvious clinical effect at previous time of this study, improved heart function. This study examined the effects of umbilical cord MSC transplantation on cardiac function and clinical prognosis in patients with congestive heart failure.
MATERIAL AND METHODS

Subjects
All the 59 patients were hospitalized at the Cardiovascular Department of Inter-nal Medicine, Henan Province People's Hospital, between December 2010 and December 2011. The inclusion criteria were as follows: 1) age 18-80 years; 2) clinically diagnosed decompensated congestive heart failure, cardiac function III or IV (New York Heart Association grade) of dilated cardiomyopathy or ischemic cardiomyopathy; 3) left ventricular end-diastolic diameter (LVEDD): male ≥55 mm, female ≥50 mm; 4) left ventricular ejection fraction (LVEF) ≤35%; and 5) N-terminal pro-brain natriuretic peptide (NT-proBNP) level ≥1500 pg/mL measured 2 weeks before inclusion. The exclusion criteria were as follows: valvular heart disease, hypertrophic cardiomyopathy, restrictive cardiomyopathy, congenital heart disease, acute viral myocarditis, pacemaker implantation, acute coronary syndrome, malignant tumor, and severe liver and kidney dysfunction; the diagnoses were in accordance with the guidelines of the 2007 chronic heart failure diagnostic criteria. Finally, 59 cases were randomly divided into the control group (29 cases) and treatment group (30 cases). The control group was treated only with drugs. The treatment group was treated with drug therapy as well as intracoronary injection of umbilical cord MSCs. This study was conducted in accordance with the Declaration of Helsinki. This study was approved by the Ethics Committee of Henan Provincial People's Hospital, and written informed consent was obtained from all participants.
Preparation and transplantation of umbilical cord MSCs
Healthy full-term fetal umbilical cord was used, with the parent's consent and approval of the Ethics Committee, for the record. In the center of Henan Province People's Hospital, umbilical cord MSCs were obtained by the tissue culture method (Weiss et al., 2006; Xu et al., 2009; Li et al., 2011) and marked as CD29 and CD105 by flow-cell immune phenotype. Hematopoietic stem cells with no expression or low expression were specifically marked as CD34, CD45, pyrogen monitoring, active degree ≥95%, weight approximately 20 mL. With the patient in the stable condition, two-thirds of the umbilical cord MSCs were injected into left coronary artery, and one-third, into the right coronary artery, through the coronary artery.
Observation index
At the 1-and 6-month follow-up, the patients' vital signs, electrocardiographic findings, cardiac ultrasonography heartbeat graph, NT-proBNP levels, 6-min walking distance, clinical symptoms (dyspnea, edema, exercise tolerance, bloating, and anorexia) were monitored, and the rehospitalization and mortality rates were noted at the 6-month follow-up.
Statistical analysis
The SPSS 17 statistical software was used for the following analysis: normal distribution of measurement data reported as means ± standard deviation, non-normal distributions were transformed into normal using a logarithmic transformation, comparison of data between the groups was made by the independent sample t-test, and comparison of data before and after treatment was made by the paired t-test. Count data are reported as percentage, by the χ 2 test. A P value <0.05 was set as statistically significant.
RESULTS
Baseline data
Fifty-nine patients completed the follow-up, 43 men and 16 women with ages that ranged from 20 to 79 years (mean age, 55.02 ± 14.18 years). Nineteen patients had ischemic cardiomyopathy (32.2%), and 40 patients, dilated cardiomyopathy (67.8%). Comparison of general data before treatment between the treatment group and the control group is shown in Table 1 *Before treatment, age, LVESD, LVEDD, LVEF, NT-proBNP level, and 6-min walking distance showed no statistical difference (P > 0.05) between the treatment group and control group. **Gender differences assessed using the χ 2 test; no statistical significance (P > 0.05). 
Comparison of medicines used in the groups
The patients with systolic heart failure were critically ill patients, with cardiac function III or IV (NYHA grade); the treatment group and control group patients were treated with β-blocker, angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, diuretics, aldosterone receptor antagonists, and digoxin, provided their blood pressure was ≤90 mmHg, resting heart rate was ≤55 bpm, and they had no second-degree atrioventricular block and other contraindications ( Comparison between the 2 groups, using the χ 2 test; no significant difference was observed (P > 0.05); ACEI = angiotensin-converting enzyme inhibitors; ARB = angiotensin receptor antagonist; N = number of cases. 
Changes in cardiac structure
LVEDDs were statistically different between groups 6 months after transplantation (P < 0.05), with no differences 1 month after transplantation (P > 0.05; Table 3 ).
Changes in LVEF
LVEF was statistically different between groups 1 and 6 months after transplantation (P < 0.05), with no differences before transplantation (P > 0.05; LVEDDs for the control and treatment groups showed no significant difference before and 1 month after the surgery (P > 0.05). Six months after the surgery, the difference was statistically significant (P < 0.05). *LVEDDs for the treatment group before and 1 month after surgery were statistically significant (P < 0.05); **values before and 6 months after surgery (P < 0.01). Comparison of LVEF between the treatment group and the control group before surgery showed no statistical significance (P > 0.05); values 1 month and 6 months after surgery were statistically difference (P < 0.01). Table 4 . LVEF changes in the treatment group and the control group before and 1 and 6 months after surgery.
Changes in NT-proBNP level
The NT-proBNP levels were statistically different between the groups 1 month after transplantation (P < 0.05) and 6 months after transplantation (P < 0.01), and no differences were observed before transplantation (P > 0.05, Comparison between the treatment group and the control group before surgery showed no statistical significance (P > 0.05), but statistically significant difference was noted 1 month after surgery (P < 0.05), and the difference was obvious 6 months after surgery (P < 0.01). Table 5 . Changes in NT-proBNP levels (pg/mL) between the treatment group and the control group before and 1 and 6 months after surgery.
Comparison of 6-min walking distance
The 6-min walking distances were statistically different between groups at 1 and 6 months after transplantation (P < 0.01), with no difference before transplantation (P = 0.059; Table 6 ).
Mortality and readmission
At the follow-up 6 months after the operation, 7 patients in the control group died, and 2 patients in the treatment group died. The rate of sudden death due to various reasons in the treatment group decreased during the observation (mortality: χ 2 = 4.58). The difference between the groups was statistically significant (P < 0.05). The readmission rate for other reasons was low and the difference was not statistically significant ( Comparison of 6-min walking distance between the 2 groups before surgery showed no significant difference (P = 0.059). Comparison of 6-min walking distance between the control group and the treatment group showed significant difference at 1 and 6 months after surgery (P < 0.01). Table 7 . Mortality and readmission rates for the treatment and control groups 6 months after surgery.
Six months after surgery, comparison of readmission rate between the control group and the treatment group showed no significant difference (P > 0.05). Comparison of death rate between the treatment group and the control group showed statistically significant difference (P < 0.05).
Adverse reactions
Among the 30 patients in the treatment group, 1 experienced chest discomfort and showed ST-T changes, but spontaneous remission was achieved 15 min after physiological saline flushing. The remainder of the 29 patients had no adverse reactions, heart palpitations, chest pain, chest tightness, dyspnea, or other symptoms. None of the 59 patients had malignant tumor 6 months after treatment.
DISCUSSION
Heart failure encompasses a series of complex clinical syndromes such as heart pump function damage caused by abnormal cardiac structure or function. Once heart failure occurs, myocardial fibrosis, degeneration, necrosis, and progressive ventricular remodeling follow. This study explores the beneficial effects of umbilical cord MSCs by intracoronary transplantation in the treatment of decompensated congestive heart failure, by observing LVEF, left ventricular contractility, exercise capacity, and cardiac function before and 1 month and 6 months after treatment. The clinical symptoms resolved, and mortality rates reduced. The possible underlying mechanism is as follows. In the myocardial microenvironment, the umbilical cord MSCs proliferate and differentiate into myocardial cells. Mitchell et al. (2003) found that umbilical cord stromal cells had the potential of pluripotent stem cells that was 80 times more in in vitro proliferation; moreover, these cells expressed markers of stem cells including c-kit (CD117) and telomerase. Wang et al. (2004) also found that human umbilical MSCs in the presence of 5-azacytidine (5-AZA) or under the action of myocardial cells can differentiate into myocardial cell marker N-cadherin and cardiac troponin I cells. Makino (1999) reported that the MSCs showed fibroblast-like morphology before undergoing cardiomyocyte differentiation induced by 5-AZA. Cell morphogenesis changed after 5-AZA treatment. The cells were connected with the neighboring cells, formed myotube-like structures, and began to beat.
Many researchers have stated that umbilical cord MSCs differentiated into not only myocardial cells but also vascular endothelial cells in in vitro differentiation. Lenvenberg et al. (2002) showed that human umbilical cord MSCs have in vitro endothelial differentiation potential, and the endothelial marker gene expression of these cells depends on the different induction time. It is proven that endothelial cells from the umbilical cord MSCs have functional properties of migration and formation of blood vessels. Li et al. (2010) cultured umbilical cord MSCs by in vitro isolation and differentiated them into vascular endothelial cells in the presence of vascular endothelial growth factor and fibroblast growth factor.
Clinically, we also observed alleviation of the symptoms of heart failure, such as cough, chest tightness, shortness of breath, and dyspnea 24 h after transplantation of umbilical cord MSCs. The role of transplanted umbilical cord MSCs induced into myocardial cells and vascular endothelial cells in the myocardial microenvironment is not well clarified. The results of the BOOST II test suggest that early stem cell paracrine proliferation is more important than stem cell differentiation into new cells. Behjati (2013) also found that MSCs in the ischemic myocardium directly differentiate as well as release cytokines by paracrine mechanisms that affect the surrounding cells, leading to improved myocardial cell metabolism and alleviation of myocardial ischemia and myocardial apoptosis. Tang et al. (2005) suggest that the paracrine effects of MSCs, mainly through the secretion of angiogenic factors and stem cell-homing factor, downregulate the pro-apoptotic protein mechanism to improve left ventricular myocardial remodeling and heart function. Ischemic heart repair requires the involvement of various kinds of cells in the body; Vrtovec et al. (2011) showed that MSCs secrete a variety of stem cell chemotactic factors, mobilize various cells, and push themselves into the ischemic area to prevent cardiac enlargement, reduce scar area, and improve heart function.
We also observed no serious adverse reaction in 30 cases of transplantation. The ST-T of 1 patient increased during surgery, but cell infarction was not found on repeated angiography. The ST-T increase may be related to the intervention surgery. No complications related to transplantation occurred. Moreover, there was no new case of cancer during the 6-month follow-up.
However, owing to the short time of observation and limited number of patients, the efficacy and safety of umbilical cord MSCs in the treatment of heart failure need to be confirmed by further randomized, double-blind, controlled, evidence-based tests.
Transplantation of umbilical cord MSCs in the treatment of heart failure is a rather novel procedure, and many issues need to be addressed. Along with the development of stem cell research, umbilical cord MSCs transplantation can be considered a novel therapeutic method for preventing progression to heart failure in the future and a new direction for the treatment of decompensated systolic heart failure.
